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♦ NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] C: 0.5 - 1.2 % of the weight, Si: The remainder consists of Fe and an unescapable impurity 
0.05 - 1.0 % of the weight, Mn:0.10-1.00 % of the weight, Cr:3.50-7.00 % of the weight, Mo:4.00-10.00 
% of the weight, W:5.00 - 20.00 % of the weight, and V:0.80 to 2.00% of the weight. Tool steel 
excellent in the short-time hardenability which the V/W equivalent is regulated by less than 0.1, anneals, 
and is characterized by for the amount of next carbide being 10 - 25 % of the weight, and the occupancy 
percentage of carbide with a grain size of 1.0 micrometers or less being 60% or more among said 
carbide. 

[Claim 2] Tool steel which said carbide consisted of MC system carbide, M6C system carbide, M7C3 
system carbide, or/and M23C6 system carbide, and was excellent in the short-time hardenability of 
claim 1 whose occupancy percentage of said M7C3 system carbide or/and M23C6 system carbide is 
30% or more. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] When this invention performs local hardening hardening of the front face in the 
components ingredient of a large-scale configuration in more detail about the tool steel excellent in 
short-time hardenability, it relates to the tool steel excellent in the short-time hardenability which is a 
short time and can harden the local front face concerned at an equivalent degree of hardness compared 
with the case of conventional high speed tool steel. 
[0002] 

[Description of the Prior Art] The rapid tool steel represented by SKH5 1 is used abundantly as 
ingredients, such as various kinds of cutting tools, punch, a roll, and a gear. And hardening is performed, 
in order to raise the surface hardness and to secure the abrasion resistance at the time of use to these 
members. In that case, although the ambient atmosphere furnace has been used from the former on the 
occasion of heat treatment at the time of hardening of high speed tool steel, in these days, a vacuum 
furnace, a salt (salt bath) furnace, etc. are used. 

[0003] Among these, although it has the advantage that short-time heating is possible for a vacuum 
furnace compared with an ambient atmosphere furnace, and the cooling rate at the time of hardening can 
be secured by pressurization cooling, in order to secure the vacuum system in a furnace on the other 
hand, there is a problem that large-sized facility equipment and a great operating cost become **. And 
since it becomes remarkable [ the problem described above the more the more the furnace was 
enlarged ] and an economical burden increases, maintenance of a large-sized furnace is difficult. 
[0004] Moreover, since hardening is usually performed by oil-quenching in the case of a salt furnace, 
there is a problem that evaporation of the salt in the salt furnace neighborhood, evaporation of 
quenching oil, etc. occur, and the work environment becomes inferior. By the way, in hardening which 
generally used the furnace in addition to the above-mentioned furnace, it is required to hold the elegance 
for hardening in a furnace and to heat-treat as a whole. Therefore, the following problems arise 
unescapable. 

[0005] First, the magnitude of the member which can be hardened is restricted in the magnitude of the 
furnace to be used. Therefore, although a large-sized furnace is needed for hardening of the member of a 
large-scale configuration like a large-sized roll or a large-sized gear, as explained in the case of a 
vacuum furnace, maintenance of such a large-sized furnace is industrially difficult. Moreover, hardening 
of the whole front face is not necessarily needed for the elegance for hardening, but there are some 
which should just stiffen only a use surface part in it. Since it becomes complete hardening by hardening 
which uses a furnace in the case of such an object article, so to speak, hardening of a useless part will 
also be performed. 

[0006] In order to solve the above-mentioned problem in hardening which used the furnace, it is thought 
appropriate to adopt heat treatment by energization heating or high-frequency heating. It is because 
partial heating of the part which needs hardening regardless of [ anything ] the size of the configuration 
of the elegance for hardening can be extremely carried out in a short time compared with the case of 
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heat treatment which used the furnace, without miniaturizing the heating apparatus to be used compared 
with the equipment which used the furnace in the case of these heating methods, and making work 
environment inferior. 
[0007] 

[Problem(s) to be Solved by the Invention] However, when it hardens by heating high speed tool steel 
by the above-mentioned heating method, even if the processing time at the time of hardening is a short 
time, if it is after annealing, when a proper degree of hardness, for example, an object article, is SKH5 1 , 
it is necessary to secure a 64 or more-HRC degree of hardness. 

[0008] Even if this invention is the case where a short time is hardened by heating method like 
energization heating or high-frequency heating not to mention the case of hardening which used the 
furnace, it aims at offer of the tool steel excellent in the short-time hardenability which can secure 
surface hardness equivalent to the case at the time of hardening using the conventional furnace. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, it sets to this 
invention. C: 0.5 - 1.2 % of the weight, Si: The remainder consists of Fe and an unescapable impurity 
0.05 - 1.0 % of the weight, Mn:0.10-1.00 % of the weight, Cr:3.50-7.00 % of the weight, Mo:4.00-10.00 
% of the weight, W:5.00 - 20.00 % of the weight, and V:0.80 to 2.00% of the weight. The V/W 
equivalent is regulated by less than 0.1, and anneals, and the amount of next carbide is 10 - 25 % of the 
weight. And it is characterized by the occupancy percentage of carbide with a grain size of 1.0 
micrometers or less being 60% or more among said carbide. The tool steel excellent in short-time 
hardenability is offered. Especially said carbide The tool steel which consisted of MC system carbide, 
M6C system carbide, M7C3 system carbide, or/and M23C6 system carbide, and was excellent in the 
short-time hardenability whose occupancy percentage of said M7C3 system carbide or/and M23C6 
system carbide is 30% or more is offered. 
[0010] 

[Embodiment of the Invention] The tool steel of this invention ingots the steel type which consists of 
each above-mentioned component, after it performs hot working to the ingot, it anneals it, and it is 
performing hardening and annealing one by one further, and real use is presented with it. The tool steel 
of this invention is designed based on the knowledge and consideration which are described below. 
[001 1] It anneals in a series of down stream processing which the inside Cr, W, Mo, and V of the above- 
mentioned component is all a carbide formation element, and was described above. First, in the base of 
next steel MC system carbide represented by VC, the M6C system carbide represented by 6(Mo, W) C, 
and the M7C3 system carbide or/and M23C6 system carbide which are represented by Cr system 
carbide like Cr7C3 and/or Cr23C6 have crystallized. 

[0012] And these carbide dissolves on a base at the process of hardening, turns into detailed carbide at 
the process of annealing further, and will deposit, and that will raise the degree of hardness of tool steel, 
and abrasion resistance. Then, when this invention person investigated the dissolution condition to the 
base of the above-mentioned carbide at the time of hardening, he acquired the following knowledge. 
[0013] (1) It is that the dissolution rate to a base is large in order of M7C3 system carbide or M23C6 
system carbide, M6C system carbide, and VC system carbide first. That is, Cr system carbide dissolves 
on a base, following it, I hear that 6(Mo, W) C has latest VC, and it is in the inside of a short time. 

(2) Moreover, the more the grain size of carbide becomes small, the more the dissolution rate to the base 
of the carbide concerned is becoming large. Although it is specifically based also on hardening 
temperature that grain size is 1 micrometer or less, the carbide concerned is the fact of dissolving on a 
base, in the hardening time amount for 20 or less seconds. 

[0014] By being based on the above-mentioned knowledge, when this invention person was based on 
the following design concepts, he estimated that manufacture of the steel type which realizes a high 
degree of hardness with short-time hardening was possible. 

(3) Make it make these carbide dissolve certainly at the time of hardening by making into a proper value 
the amount of the carbide which was annealed and has been first crystallized in a next base. In that case, 
the amount of dissolution of the carbide to need is secured by enlarging the occupancy rate of carbide 
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with a small grain size. And the amount of crystallization of grain refining of this carbide and carbide is 
controllable with the V/W equivalent (2 Mo+W). 

[0015] (4) Moreover, since the proper dissolution condition of these Cr(s) system carbide is acquired 
even if it is short-time hardening by making the occupancy rate of the above-mentioned Cr system 
carbide into a proper value among all the carbide crystallized considering the dissolution rate to the base 
of Cr system carbide being the largest, after annealing, it also becomes possible to secure a 64 or more- 
HRC degree of hardness. 

[0016] this invention person developed the tool steel of this invention which has a carbide's after above 
mentioned component presentation and annealing existence gestalt by repeating various researches 
based on the above-mentioned consideration of (3) and (4). Here, the component presentation in the tool 
steel of this invention is explained. C is a component which contributes to the wear-resistant 
improvement as tool steel, and gives resistance to temper softening at coincidence to steel by forming 
various kinds of carbide between carbide formation elements, such as Cr, W, Mo, and V, and making 
crystal grain detailed while it raises the hardenability of steel and raises the degree of hardness of the 
martensite at the time of hardening. And if it is hard coming to obtain a 64 or more HRC(s) [ which will 
be made into the purpose with the tool steel of this invention if the content becomes less than 0.5 % of 
the weight ] degree of hardness and exceeds 1.2 % of the weight, since crystallization of superfluous 
carbide will be caused and a toughness fall will be caused, the content is ****ed to 0.5 - 1 .2% of the 
weight. 

[0017] Although Si functions as a deoxidizer and the content needs to be 0.05 % of the weight or more, 
if contained not much mostly, since stable and big and rough M6C system carbide will come to generate 
as solidification structure and detailed-ization of carbide will come to be checked, the upper limit is 
made into 1 .0 % of the weight. Mn is a component which ** to improvement in the hardenability of 
steel at the same time it functions as a deoxidizer. If the improvement effectiveness of the above- 
mentioned hardenability makes it inadequate more mostly than 1.00 % of the weight when there are few 
the contents than 0.10 % of the weight, since it will anneal, the degree of hardness at the time will 
become remarkably high and machinability will deteriorate, a content is ****ed to 0.10 - 1.00% of the 
weight. 

[0018] Cr is a component which forms Cr system carbide (M7C3 system carbide, M23C6 system 
carbide), by annealing and sometimes crystallizing in a base as Cr system carbide, it raises abrasion 
resistance, and at the time of hardening, this Cr system carbide dissolves in a base for a short time, and it 
raises hardenability, deposits as detailed carbide at the time of annealing, and contributes to 
improvement in a degree of hardness. Since difficulty arises in short-time hardenability since sufficient 
Cr system carbide is not formed, and the amount of formation of Cr system carbide increases too much 
when [ than 7.00 % of the weight ] more and it stops realizing sufficient improvement in a degree of 
hardness after annealing conversely when there are few contents than 3.50 % of the weight, the content 
is ****ed to 3.50 - 7.00% of the weight. 

[0019] Each of Mo and W is components which form 6(Mo, W) C system carbide (M6C system 
carbide), while raising abrasion resistance by annealing and sometimes crystallizing in a base as M6C 
system carbide, raises and carries out artificial tempering of the hardenability, and * * it to the 
improvement in a degree of hardness at the time. In addition, although Mo and W are components which 
show the same behavior, since the effectiveness which 1 molar quantity of W demonstrates in that case 
is equivalent to the effectiveness which 2 molar quantity of Mo demonstrates, it says with 2 Mo+W that 
it is W Eq. For formation of the M6C system carbide which demonstrates such effectiveness, the content 
of Mo requires that 4.00 % of the weight or more and the content of W should be 5.00 % of the weight 
or more. However, if it is made to contain not much mostly, in order that big and rough M6C system 
carbide may crystallize, it may anneal and the carbide at the time may make it big and rough as a whole, 
the dissolution to the base of a short time at the time of hardening does not progress, but difficulty arises 
in the degree-of-hardness reservation at the time of annealing. Therefore, in the case of Mo, in W, the 
upper limit is carried out for the upper limit to 20.00% of the weight 10.00% of the weight. 
[0020] V is a component which forms VC (MC system carbide) of a high degree of hardness, makes 
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detailed wear-resistant improvement, prevention of big-and-rough-izing of the austenite grain size at the 
time of heating at high temperature, and crystal grain, and ** them to improvement in toughness. In 
order to acquire this effectiveness, the content of V needs to be 0.80 % of the weight or more, but since 
MC system carbide which will be crystallized if it is made to contain not much mostly is made big and 
rough, and causes a toughness fall and the detailed-ized effectiveness of the austenite grain size at the 
time of heating at high temperature also decreases, that upper limit is preferably carried out to 1.50% of 
the weight 2.00% of the weight. 

[0021] Although the presentation described above as a component presentation is made indispensable, 
even if P, S, Cu, nickel, aluminum, etc. which are mixed in the unescapable range from a raw material 
etc. at the time of the ingot of steel contain, there is no un-arranging in the tool steel of this invention. 
The amount of the carbide which annealed the tool steel of this invention and has been crystallized on 
the next base is 10 - 25 % of the weight, and grain size is characterized by the occupancy rate of carbide 
1 .0 micrometers or less being 60% or more among the carbide. 

[0022] When there are few amounts of crystallization of this carbide than 10 % of the weight, after 
performing hardening and annealing, even if it is, a 64 or more-HRC degree of hardness high enough 
cannot be realized, for example, and abrasion resistance also falls, and sufficient property as tool steel is 
no longer acquired. Moreover, when [ than 25 % of the weight ] more, it not only cannot attain a 
purpose technical problem called short-time hardening, but time amount required since the carbide 
dissolves on a base at the time of hardening becomes long, and a toughness fall comes to be caused. 
[0023] Though the amount of crystallization of carbide was regulated by the above-mentioned range on 
the whole, when the carbide is big and rough, long duration is too needed for dissolution to the base at 
the time of hardening. Therefore, in the tool steel of this invention, the occupancy rate to the carbide of 
the grain size which dissolves to a base by the hardening time amount for 20 or less seconds, i.e., all the 
carbide of carbide with a grain size of 1 .0 micrometers or less, is made 60% or more. When there are 
few these occupancy rates than 60%, if it says conversely, when there are more occupancy rates of 
carbide with a larger grain size than 1 .0 micrometers than 40%, the dissolution time amount at the time 
of hardening will become long, and difficulty will arise in achievement of a purpose technical problem 
called short-time hardening. 

[0024] Regulation of the amount of this crystallization of next carbide [ anneal and ] and regulation of 
grain size adjust the value of the V/W equivalent, and become possible. Namely, it can store within 
limits which also described above the amount of the carbide crystallized by controlling crystallization of 
big and rough MC system carbide, and making the quantity of crystallization carbide with a grain size of 
1.0 micrometers or less increase by adjusting each content of V, W, and Mo so that it may become less 
than 0.1 about the value of the V/W equivalent. 

[0025] Therefore, although the content of V, W, and Mo is set up within limits explained with the above 
mentioned component presentation, it needs to be set as an amount from which the value of the V/W 
equivalent becomes less than 0.1 to coincidence between V, W, and both Mo. In addition, although the 
carbide which was annealed and has been behind crystallized in a base consists of MC system carbide, 
M6C system carbide, M7C3 system carbide, or/and M23C6 system carbide (Cr system carbide), it is 
[ among these ] desirable [ carbide ] that the occupancy rate of Cr system carbide is 30% or more. 
[0026] Even if it is short-time hardening by making the occupancy rate of this Cr system carbide 30% or 
more, it is because the degree of hardness of steel is securable for 64 or more HRC(s) [ of desired value ] 
** by this Cr system carbide with the largest dissolution rate to a base fully dissolving on a base, and 
depositing after annealing. 
[0027] 

[Example] It cooled, after ingoting the steel type of the component presentation shown in Table 1, and it 
was made the ingot. After carrying out hot forging of each ingot at the temperature of 950-1 130 degrees 
C and making it a bar with a diameter of 10mm, ****** of 3 hours was performed at 870 temperature, 
and it cooled at the temperature fall rate of 15 degrees C/hr to the temperature of 600 degrees C further. 
[0028] The amount of carbide and distribution in each bar asked for the quantitative ratio by the carbide 
class and the carbide intensity ratio after electrolytic extraction from the X diffraction result of the 
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particle-size-distribution investigation and extract carbide. The result was shown in Tables 1-2. 
Subsequently, after having processed the sample with a diameter [ of 8mm ], and a die length of 12mm 
from each bar, setting each sample in high-frequency-induction-heating equipment and heating by 50 
degrees C/sec whenever [ stoving temperature ], annealing which held for 1 to 200 seconds at the 
temperature of 1200 degrees C, and performed hardening which quenches by N2 gas further, then was 
held at the temperature of 500-600 degrees C for 1 hour and which carries out after air cooling was 
performed twice. The degree of hardness (HRC) was measured by the C scale weighting of the trial by 
the Rockwell hardness about each obtained sample. 

[0029] In this hardening-tempering process of a series of, hardening time amount was changed and the 
degree of hardness was measured. And hardening time amount required for a HRC value to exceed 64 
was measured. It is shown that it is the steel type excellent in short-time hardenability, so that this time 
amount is short. The above result was collectively shown in Tables 1-2. 
[0030] 
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[0031] 
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[0032] If the V/W equivalent is adjusted to less than 0.1 (examples 1-5) in a component presentation so 
that clearly from Tables 1-2, the occupancy rate of carbide with a grain size of 1 .0 micrometers or less 
becomes 60% or more among the carbide which was annealed and was crystallized behind, and the 
hardening time amount for making it after annealing a 64 or more-HRC degree of hardness becomes 20 
or less seconds, and has become the tool steel excellent in short-time hardenability. 
[0033] 
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[Effect of the Invention] By the above explanation, the tool steel of this invention can secure the degree 
of hardness after annealing to 64 or more HRC(s) also with the induction hardening of a short time of 20 
or less seconds so that clearly. If it follows, for example, only use front faces, such as a roll and a gear, 
are hardened partially, it is useful as an ingredient of the member with which real use can fully be 
presented. 



[Translation done.] 
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